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ZlOlCTrVATED HYCOFUkSKA HYOFNEUMONXAE BACTERIN 
AMD METHOD OP USE THEREOF 

Bacfcqround of the invention 

MvcoDlasina hYopneumoniae is a ubiquitous swine respiratory 
pathogen. It infects the respiratory tract of swine, 
colonizing the trachea, bronchi, and bronchioles. The 
mycoplasma produces a ciliostatic factor which causes the 
cilia lining the respiratory passages to stop beating. 
Eventually, the cilia degenerate, leaving the pig prone to 
infection by more serious secondary pathogens. The disease 
caused by Mycoplasma hyopneumoniae , enzootic pneumonia, is 
a chronic non-fatal disease which affects swine of all ages 
(R.F. Ross, Mycoplasmal diseases, pp. 436-444, in A.D. 
Laman, et al., (eds.) Diseases of Swine, Iowa State 
University Press, 1986) • Infected pigs show only mild 
symptoms of cough and fever. However, the economic impact 
of the disease is significant. The disease is believed to 
be one of the most important causes of disease-associated 
loss in swine (Whittlestone, pp. 133-176, in Tully and 
Whitcomb (eds*). The Mycoplasma Vol 2: Human and Animal 
Mycoplasmas, New York, Academic Press, (1979)) • The disease 
generally results in inefficient weight gainers, and in 
stimted and sickly animals. Also, affected swine are often 
prone to secondary infection by opportunistic organisms 
(Burch, Pig America pp. 26-27, December, 1982). 

There have been numerous attempts to provide a vaccine for 
protecting swine against mycoplasmal pneumonia. However, 
such vaccines have not been successful, and the disease 
remains widespread. 
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Several investigators have disclosed vaccines comprising 
recombinantly produced surface antigens of Mycoplasma 
hvopnetunoniae . Schaller et al,, U.S. Patent No. 4,894,332, 
issued January 16, 1990; European Patent Publication No. 
5 283,840, published September 28, 1988. 

per Publication No« WO 86/00019, published January 3, 1986, 
discloses a Mycoplasma hvonneumoniae vaccine comprising 
exclusively Mycoplasma hvopneumoniae plasma membranes, free 
10 of other cell components. 

Etheridge et al., Res. Vet. Scl. 33: 188 (1982), found 
incomplete protection against lung colonization by 
Mycoplasma hvopneumoniae when a live vaccine was given 
15 intravenously, subcutaneously, or intraperitoneally. 

Kristensen et al.. Am. J. Vet. Res. 42: 784 (1981), found 
no protection of swine against mycoplasmal pneumonia after 
injection with heat- inactivated Mvcoplasma hyopneumoniae . 

20 

Ross et al., Am. J. Vet, Res 45: 1899 (1984), found that 
use of Mycoplasma hvopneumoniae extracts prepared by a 
freeze-thaw procedure to immunize swine, provided only 
variable protection, and in some instances, enhanced lesion 
25 development was noted in immunized swine. These 
investigators also studied a whole-cell vaccine prepaored by 
formalin inactivation. Formalin inactivation significantly 
hindered the protective immunogenicity of Mycoplasma 
hvopneumoniae , and this vaccine was not effective. 

30 

Yoshioka et al., U.S. Patent No. 3,917,819, issued November 
4, 1975, discloses several killed Mycoplasma vaccines 
comprising Mycoplasma inactivated with formalin, including 
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an inactivated vaccine for Mycoplasma hyopneumoniae . 
However, this vaccine was prepared by formalin 
inactivation. 

Thus, prior studies with inactivated Mycoplasma 
hyopneumoniae vaccines have been unsuccessful, presumably 
because the conditions employed, i.e., heat treatment, 
formalin treatment, or freeze — thawing, destroyed the 
protective antigenicity potential of the organism. 

Accordingly, an effective whole cell vaccine for protecting 
swine against mycoplasmal pneumonia comprising inactivated 
virulent Mycoplasma hyopneumoniae has not been developed 
heretofore. 

This invention provides a whole-cell Mycoplasma 
hyopneumoniae vaccine or bacteria comprising Mycoplasma 
hyopneumoniae Inactivated by treatment with bineury 
ethyleneimine. In contrast with other techniques of 
inactivation, this method tme3£pectedly does not adversely 
affect the protective immunogenicity of the organism such 
that it may be formulated as an effective bacterin. 
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This invention provides a bacterin comprising a virulent 
Mycoplasma hvopneiimoniae isolate, inactivated with binary 
5 ethyleneimine, in an amount effective to immunize a swine 
against infection by M ycoplasma hvopneumontae - and a 
suitable physiologically acceptable carrier. 

This invention also provides a method of producing a 
10 bacterin which comprises growing a virulent isolate of 
Mycoplasma hyopneumoniae in culture on a suitable medium; 
treating the virulent Mycoplasma hvopneumoniae so grown 
with bineury ethyleneimine so as to inactivate the 
Mycoplasma hyopneumoniae : concentrating the resulting, 
15 inactivated Mycoplasma hyopneu moniae ; recovering the 
resulting concentrated, inactivated Mycoplasma 
hyopneumoniae ; and admixing the concentrated, inactivated 
Mycoplasma hvopneumoniae so recovered with a suitable 
physiologically acceptable carrier so as to formulate the 
20 bacterin. 

This invention also provides a method of inactivating a 
virulent strain of Mycoplasma hvopneumoniae which comprises 
contacting a culture of Mycoplasma hvopneumoniae with 

25 binary ethyleneimine at a concentration of about 4mM; 

incubating the culture under conditions effective to 
inactivate the M ycoplasma hyopnetmoniae ; and neutralizing 
the binary ethyleneimine in the culture by the addition of 
sodium thiosulfate at an effective neutralizing 

30 concentration* 

This invention also provides a method of immunizing a swine 
against infection by Mycoplasma hyopneumoniae comprising 
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administering to the swine a dose of a bacterin in 
accordance with the invention so as to immunize the swine 
against Mycoplasma hvopneumoniae infection. 
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Brief Description cf Figures 

Figure 1. ELISA results comparing the relative 

antibody titers induced in pigs by a 
bacterin made by inactivation of Mycoplasma 
hvopneumoniaQ with binary ethyleneimine as 
compared with a bacterin made by 
inactivation with formalin. 

Figure 2* Results of a minimum protective dose study 

of the binary ethyleneimine-inactivated 
bacterin. Serum samples were obtained from 
each pig in the test at 1 (PV) , 3 (VI) , 4 
(V2), 5 (PCHl) and 7 (PCH3) weeks of age, 
and antibody titers were assayed by ELISA. 
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Detailed Description of the Invention 

This invention provides a bacterin comprising a virulent 
Mycoplasma hvopneuinoniae isolate, inactivated with binairy 
ethyleneimine, in an amoimt effective to inmunize a swine 
against infection by M ycoplasma hvopneumoniae emd a 
suitable physiologically acceptable carrier. In a 
presently preferred embodiment of this invention, the 
Mycoplasma hyopneumoniae isolate of the bacterin comprises 
the isolate designated 1002 (ATCC Accession No, 55088). 

Although the present invention is described hereinafter 
with reference to the Mycoplasma hyopneumoniae isolate 
designated 1002 (ATCC Accession No. 55088) , it is 
contemplated that any virulent Mycoplasma hvopneumoniae 
isolatie, inactivated with binary ethyleneimine, may be 
formulated into an effective bacterin. Numerous virulent 
Mvcoplasma hyopneumoniae isolates are known in the art and 
are available from various sources including the American 
Type Culture Collection. Finally, the deposit of the 1002 
isolate was made pursuant: to, and in satisfaction of, the 
Budapest Treaty on the International Recognition of the 
Deposit of Microorganisms for the Purpose of Patent 
Procedure, with the American Type Cultxire Collection, 12301 
Parklawn Drive, Rockville, Maryland 20852. 

The bacterin further comprises a suitable physiologically 
acceptable carrier. A wide variety of such carriers soob 
well known in the art, and the selection of a specific 
ceunrier is well within the level of those skilled in the 
art. Merely by way of excunple, suitable physiologically 
acceptable carriers include distilled or deionized water, 
saline, or mineral oil. 
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In a presently preferred embodiment, the bacterin further 
comprises an effective amount of an adjuvant* An 
adjuvant," as used herein, is a potentiator of the immune 
response. Adjuvants may comprise poisons, irritants, and 
5 in general substances which boost the immune response of 
the injected animal. In a presently preferred embodiment 
of the invention, the adjuvant comprises a polymer of 
acrylic acid, e.g., a homopolymer. One coxmercially 
available example of such a homopolymer of acrylic acid is 

10 Carbopol 941 (B-F, Goodrich Co., Cleveland, Ohio). The 
chemical formula for Carbopol is (CHjCHOOOH)^. Effective 
amounts of any specific adjuvant may be readily determined 
so as to optimize the potentiation effect of the adjuvant 
on the immune response of an animal vaccinated with the 

15 bacterin. In general, an effective amount of acrylic acid 
polymer useful as 201 adjuvant is about 0.2% (w/v) of the 
bacterin. 



The bacterin of the invention comprises the virulent 
20 Mycoplasma hvooneumoniae isolate, inactivated with binary 
ethyleneimine, in an amount effective to immunize a swine. 
To "effectively immunize" a swine against infection by 
Mycoplasma hvopneumoniae means that the bacterin prevents 
or reduces the severity of mycoplasmal pneumonia. In any 
25 event, those skilled in the art are able to readily 
determine for any specific isolate and carrier combination, 
with and without an adjuvant being present, the amount of 
yfyCQp3,e^sma hvopneumoniae. inactivated with binary 
ethyleneimine, effective to immunize a swine. In the 
30 presently preferred embodiment of the invention, the 
effective amount is at least about 10^ Mvcoplasma 
hvopneumoniae DNA cell equivalents per milliliter of 
bacterin- (See Methods and Materials, hereinafter, for a 
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discussion Of "DNA cell equivalents".) 

This invention also provides a method of producing a 
bacterin which comprises growing a virulent isolate of 
Mycoplasma hvopneumoniae in culture on a suitable medium; 
treating the virulent Mycoplasma hvopneumoniae so grown 
with binary ethyleneimine so as to inactivate the 
Mycoplasma hyopneumoniae : concentrating the resulting, 
inactivated Mycoplasma hyopneumoniae : recovering the 
resulting concentrated, inactivated Mvcoplasma 
hyopneumoniae : and admixing the concentrated, inactivated 
Mycoplasma hyopnetimoniae so recovered with a suitable 
physiologically acceptable carrier so as to formulate the 
bacterin. In a preferred embodiment of the invention, the 
Mvcoplasma hvopneumoniae isolate designated 1002 (ATCC 
Accession No. 55088) is used in formulating the bacterin. 

More specifically, a virulent isolate of Mvcoplasma 
hvopneumoniae is grown in culture in a suitable medium 
containing Mycoplasma broth base, yeast extract, glucose, 
L-cysteine, ampicillin, thallium acetate, swine serum and 
deionized water. One such medium which is presently 
preferred is described in greater detail hereinafter. 

The precise conditions under which the isolate is grown may 
vary depending upon the precise composition of the medium 
and the specific isolate being grown. However, the isolate 
is typically grown from about 48 hours to sQ^out 144 hours, 
measured from the time of incubation to the time of 
harvest. 

The virulent Mvcoplasma hvopneumoniae isolate so grown is 
then treated with binsary ethyleneimine so as to inactivate 
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the Mycoplasina hvopneumoniae , Thus, the culture of the 
isolate may be contacted with binary ethyleneimine at a 
concentration of about 1 to about 10 mM, e.g., about 4 mM. 
The culture is then incubated under conditions effective to 
5 inactivate the Mycoplasma hvopneumoniae > e.g. , for at least 
about 12 hoiirs at about 37*^0. The binary ethyleneimine in 
the culture is then neutralized by adding sodium 
thiosulfate at an effective neutralizing concentration^ 
e.g., a concentration from about 10 mM to cUx>ut 20 mM, such 
10 as about 16 mH« 



In one embodiment of the invention, the binary 
ethyleneimine which is used to contact and inactivate the 
WycQp].asma hvopneumoniae is formed in situ by adding L- 
15 bromoethylamine hydrobromide to the culture in an amount, 
which upon conversion to binary ethyleneimine, results in 
formation of the desired inactivating concentration, e.g. 
about 4]nM. 



20 The resulting, inactivated Mvcoplasma hvopneumoniae is then 
concentrated. Various methods are known in the art for 
concentrating such organisms. For example, the organisms 
may be concentrated by centrifugation, e*g,, 
ultracentr if ugat ion , or by filtration , e.g., 

25 ultrafiltration. 



The concentrated, inactivated Mycoplasma hvopneumoniaQ 
which result are then recovered, again using methods well 
known in the art. 

Finally, the resulting concentrated, inactivated Mycoplasma 
hyopneumoniae so recovered is admixed with a suitable 
physiologically acceptable carrier so as to formulate the 
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bacterin. Optimally, the admixture may further comprise an 
effective amount of EDTA, e.g./ about 0.05% to about 0.20%, 
particularly at least about 0.07% (w/v) of the bacterin, or 
an effective concentration of thimerosol, e.g., about 
0.005% to about 0.05%, particularly about 0.01% (w/v) of 
the bacterin. 

The bacterin may also be produced by any of several 
modifications of the preceding method. For example, the 
Mycoplasma hvonneumoniae may be concentrated before 
inactivation, rather than after. Also, preparation of the 
bacterin may be carried out by repeating the inactivation 
step both before and after the concentrating step. 

The concentrated, binary ethyleneimine-inactivated 
Mycoplasma hyopneumoniae is thus formulated as a bacterin 
by adding a suitable carrier. A diluent, dye, or 
preservatives may also be added. A chelator such as EDTA 
may be added, preferably to a final concentration of at 
least about 0.07% (w/v). Diluents such as saline, or other 
ceurriers well known in the art, may be used to dilute the 
inactivated Mvcoplasma hyopneumoniae in formulating the 
bacterin. Preservatives may also be added. In one 
embodiment of the invention, thimerosal is added as the 
preservative, to a final concentration of at least about 
0.01% (w/v). 

This invention also provides a method of inactivating a 
virulent strain of Mycoplasma hyopneumoniae which comprises 
contacting a culture of Mvcoplasma hvopneumonxae with 
binary ethyleneimine at a concentration of about 4mM; 
incubating the culture under conditions effective to 
inactivate the Mycoplasma hvopneumonlae , such as, for an 
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effective time, e.g. about 12 hours, at an effective 
temperatxire, e.g. about 37 °C; and neutralizing the binary 
ethyleneimine in the culture by the addition of sodium 
thiosulfate to the culture at an effective neutralizing 
5 concentration, e.g. about four times the concentration of 
binary ethyleneimine, i.e., about l6mM if the binary 
ethyleneimine concentration is about 4mM. Also, as 
indicated hereinabove, the binary ethyleneimine may be 
formed in sj^tu by adding L-bromoethylamine hydrobromide to 
10 the culture. 

This invention also provides a method of immunizing a swine 
against infection by Mycoplasma hvopneumoniae comprising 
administering to the swine at least one dose of the 
15 bacterin so as to immunize the swine against Mycoplasma 



hvopneumoniae infection. The bacterin may, in principle, 
be administered through various routes. However, in the 
presently preferred embodiment of the invention, the 
bacterin is administered intramuscularly. Moreover, it is 

20 • presently preferred that the bacterin dose comprise about 
2ml of the bacterin, each ml containing about 10^ 
Mycoplasma hvopneumoniae DNA cell equivalents. The 
bacterin is desirably administered twice to the swine; once 
at about one week, and once at about three weeks, after the 

25 birth of the swine. 

A bacterin in accordance with the present invention, 
intended for administration by injection, comprises 
inactivated, virulent Mycoplasma hvopnetnnoniae suspended in 
30 an inert physiologically acceptable liquid diluent. 



Suitable diluents include water, saline, or any of many 
other diluents well known in the art. Advantageously, the 
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MycQplasina hvopneimoniae are suspended in a sterile diluent 
under aseptic conditions. 

The bacterin intended for injection nay be rendered 
isotonic by any conventional technic[ue, for example, by 
dialysis against a salt solution that is isotonic with the 
blood of svine. Any salt solution suitable for use as an 
injection medium may be used to render the bacterin 
isotonic. 

Further, the bacterin may be prepared either as a 
concentrated composition for dilution prior to use or as a 
composition ready for use. In the latter case, the 
concentration of the inactivated, virulent Mycoplasma 
h yopneumoniae is at least about 10^ DNA cell equivalents 
per milliliter. 

The binary ethyleneimine-inactivated Mycoplasma 
hyopneumoniae of the present invention may also be used as 
a component of a vaccine containing one or more other 
active ingredients, i*e., antigenic substances capable of 
inducing a protective immune response against Mycoplasma 
hyopneumoniae or against other disease-causing agents. 

Materials and Methods 

The microorgsmism used in the preparation of the bacterin 
is the virulent Mycoplasma hyopneumoniae isolate designated 
1002 and deposited tinder ATCC Accession No. 55088. This 
strain, originally isolated from an infected lung by 
culturing a 10"^ dilution of lung homogenate in Mycoplasma 
broth, was passed in broth seven times to establish the 
Master Seed ("X") . 
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The identity of the Master Seed ("X") was established by 
plating on Mycoplasma Broth Agar emd examining the growth 
for typical MycQPlasma hvopneimoniae morphology. 
5 Mycoplasma hyooneumoniae , Strain J, obtained from NVSL, was 
used as a reference for compeirison. The identity of the 
Master Seed (^'X") was further established by SDS-PAGE and 
immunoblot comparison with References Mycoplasma 
hyopneumoniae > Strain J, and other related Mycoplasma 
10 species* 

The Master Seed ("X"} is the seventh passage of the isolate 
designated as 1002. The production seed is the "X+2" 
passage* Seed cultures range from ••X+3" to "X+e". 
15 Production cultures range from "X+6" to "X+7". 

The seed and production cultures are propagated in the 
following medium: 

20 1. Mycoplasma Broth Base 

( Commercial ) • 16*800 grams 

2. Yeast Extract (Commercial)... 1.000 grams 

25 3. Glucose 5.000 grams 

4 . L*-Cysteine Hydrochloride .... 0 . 100 grams 

5. Ampicillin 0.250 grams 

30 

6. Thallium Acetate, U.S. P. .... 0.250 grams 



7. 



Phenol Red (Indicator Dye) 
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[for use In Seed Medium] •••• 0.020 grams 

8* Normal Sterile Swine Serum 
(May be Heat-Inactivated at 
5 58.5«C for 30 minutes prior 

to use for Seed Medium} 100.000 ml 

9. Deionized Water g.s. ••.1,000.000 ml 

10 When the ingredients are thoroughly dissolved, the pH is 
adjusted to 7.8 ± 0.4 with NaOH. The solution is 
sterilized by filtration through either a sterile 0.3- 
micron depth filter, a sterile 0.3-micron membrane filter, 
or a sterile 0,2-micron cartridge filter into sterile 

15 containers. The depth, membrane, or cartridge filters and 
holders are sterilized for no less than 30 minutes at 121*C 
± 2«C prior to use. 

The base medium may be autoclaved without the glucose, 
20 cysteine hydrochloride, ampicillin, and swine serum for a 
minimum of 30 minutes at 121«C ± 2**C prior to use. The L- 
cysteine hydrochloride and ampicillin are sterilized by 
filtration through a 0.2-micron filter, and are aseptically 
added to the base medium. 

25 

The glucose solution is autoclaved separately as a 30% 
(w/v) solution at 121«C ± 2«'C for 30 minutes. Normal 
sterile swine serum is added aseptically. The pH of the 
complete medium is adjusted to 7.8 ± 0.4 using sterile 5N 
30 NaOH. The seed culture medium may be stored at 2®C to 7*C 
for up to 30 days, and the autoclaved production culture 
may be stored at 2**C to 7*»C for up to 10 days. 
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Seed cultures are grown in 250- to 4,000-ml polycarbonate 
or glass flasks, 12-liter glass jugs, 28- and 200-liter 
fermentation vessels containing 30% to 80% medium* 
Production cultures are grown in 200- to 3,000-liter 
5 fermentation vessels containing 30% to 80% medium. The 
master seed ("X") is maintained in 100% medium at -20®C or 
colder- The production seed ("X+2^») is maintained in 90% 
medium and 10% glycerol at -20''C or colder. 

10 Suspensions are prepared for seeding or inoculation by 
rapidly thawing frozen seed cultures ("X" or "X+2") and 
inoculating into medium at a rate of 5% to 15% (v/v) • Seed 
cultures are serially transferred into medium at a rate of 
5% to 15% (v/v) • 

15 

Seed and production mediums are inoculated by the following 
technique. The frozen production seed culture ("X+2") is 
used to inoculate medium in 250-"ml flasks at a rate of 5% 
to 15% (v/v) to produce the "X+3" passage. Subsequent seed 

20 cultures ("X+4" through "X+9") sore produced as the result 
of serially transferring at a rate of 5% to 15% (v/v) into 
the appropriate containers. 250-ml Flask cultures may be 
used to inoculate 4,000-ml flasks at a rate of 5% to 15% 
(v/v) . 4 , 000-ml Flask cultures may be used to inoculate 

25 12-liter jugs at a rate of 5% to 15% (v/v) . 12-liter Jug 
cultures may be used to inoculate 28- to 200-liter 
fermentation vessels at a rate of 5% to 15% (v/v) . 28- to 
200-liter fermentation vessel cultures may be used to 
inoculate production fermentation vessels ranging from 200 

30 to 3,000 liters at a rate of 5% to 15% (v/v). Seed 

cultures and production cultures are incubated at 37**C ± 
2**C for 48 to 120 hours. All cultures are incubated with 
agitation throughout the growing period. Fermentation 
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vessels may be aerated by the infusion of sterile air. The 
pH of the seed and production cultures may be maintained at 
7.4 ± 0.4 by the addition of a sterile NaOH solution. A 
sterile solution of 30% glucose may be added to the 
production culture as needed. 

The character of growth is determined by macroscopic 
examination. Characteristic growth is indicated by a 
decrease in the pH of the medium (seed culture) or 
increased utilization of NaOH in order to maintain pH of 
the medium (production cultures) • 

The amount of growth is determined by DNA f luorometry as 
follows: four 1.5-ml aliguots of culture are collected in 
microfuge tubes. The samples are centrifuged at 12,000 x 
g for ten minutes. The supernatants are completely drained 
off and the pellets re-suspended in 120 fil of: 10ml Tris 
(pH 7.4), 150mH KaCl, ImH ethylenediaminetetraacetic acid 
(EDTA) , and 1% (w/v) sodium dodecyl sulfate (TNES) • The 
re-suspended pellets are vigorously vortexed for ten 
seconds. Ten Ml of the re-suspension pellets is mixed in 
a glass cuvette with two ml of Hoechst dye solution: 0.4 
/ig/ml in lOmM Tris (pH 7.4), 150mM NaCL, and imM EDTA 
(TN£) . The cuvette is then placed in a f luorometer which 
has previously been calibrated using DNA standards. The 
amount of fluorescence is proportional to the amount of DNA 
present. The number of Mycoplasma hyopneumoniae DNA cell 
equivalents (NHDCE) in the culture is calculated using the 
following formula: 

MHDCE = Nq DNA X 



Milliliter of culture Test Aliquot 
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12 Test Aliauots -s- 1.5 ml culture -s- 0,8x10^^ na DNA 
Sample Sample MHDCE 



— or~ 



MHDCE - Na of DNA X 10^ 

Milliliter of Culture Test Aliquot 



10 Prior to harvest, production cultures are examined for 
character and amovmt of growth and for contamination by 
microscopic evaluation. 

Prior to inactivation, production cultures are adjusted to 
15 a pH of 8.2 ± 0.2 fay the addition of sterile 5N NaOH. 

For inactivation, L-bromoethylamine hydrobromide (BEA) is 
added directly to the production culture within the 
fermentation vessel to a final concentration of no less 
20 than 4mM. 



The culture is maintained with agitation at 37 ®C ± 2<*c for 
12 to 24 hours. 



25 The mycoplasmas are inactivated by exposure to binary 
ethyleneimine. The binary ethyleneimine (BEX) (primary 
inactivating agent) generated In situ during the incubation 
of L-bromoethylamine hydrobromide (BEA) in the production 
culture is neutralized by the addition of sodium 

30 thiosulfate directly to the inactivated production cultxire 
in the fermentation vessel to a final molar concentration 
of no less than four times the binary ethyleneimine (BEX) 
molar concentration. 



35 



The culture is maintained with agitation at 37«c ± 2*C for 
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12 to 24 hours. The minimum and maximum times from 
inoculation to harvest are 48 and 144 hours, respectively. 

For hcurvesting, the production vessel materials are pooled 
into a sterile container. Harvest fluids are concentrated 
to 10% ± 5% of the original volume by centrifugation and/or 
ultrafiltration and may be diafiltered using a sterile 
saline solution. The concentrate may be re-inactivated by 
the addition of L-bromoethylamine hydrobromide (BEA) to a 
final concentration of no less than 4mM. The concentrate 
is incubated at 37 ± 2^C, with stirring, for 12 to 24 
hours. The binary ethyleneimine (BEX) generated during 
inactivation is then neutralized by the addition of sodium 
thiosulfate to a final molar concentration four times the 
binary ethyleneimine (BEX) molar concentration. The 
concentrate is incubated at 37*»C ± 2*»C, with stirring, for 
12 to 24 hours. Thimerosal and ethylenediaminetetraacetic 
acid (EDTA) are added to the final concentration of 0.01% 
and 0.07%, respectively. 

Only production cultures exhibiting chsuracteristic growth, 
are harvested. A gram-stain is prepared from each 
production container prior to harvest. 

The bacterin is preserved by the addition of thimerosal and 
ethylenedieuainetetraacetic acid (EDTA) at no more than 
0.01% and 0.07%, respectively. 

The bacterin is adjuvanted by the addition of Carbopol 
(B.F. Goodrich Co.) to a final concentration of 0.2% (w/v) . 

A sterile saline solution may be used as diluent. Red Dye 
FD&C 40 may be added to the bacterin to a final 
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concentration of 15 mg per liter. 

The concentration of Mvcoplasina cells in the final product 
is no less than 2 x 10^ Mycoplasma hvopneumoniae DNA cell 
5 ecpiivalent per 2.0-]iil dose, as determined by the DNA- 
fluorometric assay. 

Satisfactory Mycoplasma concentrates are aseptically 
combined with the adjuvant, preservative, dye, and diluent 
0 into a sterile container equipped with an agitator and 
mixed for no less than 30 minutes. 

The present invention is further described with respect to 
the following examples. However, the scope of the 
5 invention is not intended to be, and should not be 
construed to be, limited thereby. 

EXAMPLE I 

0 The virulence of four different strains of Mycoplasma 
hyopneumoniae (Mhp) : Mhp 1002-strain, Mhp 1005-NB 12 
strain, Mhp 1003-J Strain, Mhp 1004-11 strain, and Mhp 
1006-415 strain were evaluated. 

5 The virulence of the strains tested was determined by 
lesions on the lungs of the challenged pigs. Based upon 
this criterion, M. hyopneumoniae 1002 was determined to be 
virulent and was chosen for use as the challenge strain and 
for bacterin prepauration. 

0 

Twenty nine three-week-old, pseudorabies-tested pigs were 
divided into four groups of eight, eight, seven and six. 
The pigs were reared in isolation until 6 weeks of age at 
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which time they were challenged. 

A low-passage stock cultxire of each of the four strains of 
Mycoplasma hvopneumonlae was thawed and a 10% inoculum of 
each strain was added to Pleuropneumonia-like organism 
(PPLO) complete medium (see page 51) • The cultures were 
incubated at 37«C for 12 days. 

Six ml of the appropriate challenge culture was 
administered into each nostril using a lO-ml syringe with 
a 1-1/2 inch rubber tubing attached. A plastic bag was 
held over the nostrils for a short period to promote 
inhalation. This challenge was repeated for three 
consecutive days. 

Quantitation of the challenge inoculum was performed by 
determining color changing units (CCtJ) . 

All the pigs were euthanized and subjected to necropsy 
three weeks after the first challenge. The lungs were 
removed and examined for characteristic hvopneumonlae 
lesions. 

Areas of a lung with typical M. hvopneumoniae lesions were 
cut out and placed in suitable sterile containers and 
stored frozen at -70®C. Attempts to isolate |{- 
hyopneumoniae from these organ samples were made at a later 
date. 

The following results are tabulated in Tables 1 suid 2. 
Four different strains of M. hyopneumoniae were used in 
this study. The total dosage ranged from 9.0x10^ to 
9.0x10^° ecu/pig. The percentage of animals/group with 
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lung lesions ranged from 17% to 50%. In all pigs^ the lung 
lesions were restricted to the cardiac and apical lobes and 
were characteristic of M. hvopneumoniae . 

5 There appeared to be no correlation between the dosage 
(CCD/pig) and the eactent of lung lesions. M. hvopneumoniae 
1002 and Mhp 1005-NB12 appeared to be the most virulent. 
However, M- hvopneumoniae 1002 grew faster and to a higher 
ecu level in our PPLO medium. 

10 

The attempts to isolate the challenge strains from 
collected limg ssuaples were successful. The cultures were 
observed under a phase-contrast microscope and appeared to 
be highly suggestive of M. hvopneumoniae , 

15 

M. ^yopneumoniae 1002 was the choice for future work based 
on lung involvement, growth in PPLO medium and prior 
studies using the isolate. 
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TABLE 1 



Lung Lesion Involvement Resulting From Intranasal 
Inoculation of Four Different 
Strains of Mycoplasma hyopne\imoniae 



10 



15 



h ypopneumoniae 
strain 



1002 
1005 
1003 
1004 



NB12 

J 

11 



Total 
CCU/Pjq 

9x10^ 
9X10* 
9X10" 
9x10* 



Mo. Infected/ 
Total 

4/8 (50%) 

4/8 (50%) 

1/6 (17%) 

2/7 (29%) 
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TABLE 2 



Lung Lesion Involvement Produced by Pour 
Different: Strains of M. hvopneumoniae 



M. hvopneumoniae 
10 Strain 

1002 



Observations/ 

Area of Luna Involved 



15 



20 



25 



30 



35 



40 



214 

217 
218 



221 
224 
368 
369 

370 



Left cardiac lobe - 85%, Left 
apical lobe -10%. Right Ccurdiac 
lobe - 80%. Accessory lobe - 
60%. 

No Lesions. 

Right apical lobe - pcirticulcurly 
ventral surface. Right cardiac 
anterior - 50%. Left apical 
ventral surface - patchy. Left 
cardiac-outer 50%. Dorsal and 
ventral lesion extended to 
extreme edge of diaphragmatic 
lobe. Left diaphragmatic lobe - 
extreme edge of dorsal and 
ventral surface. 

No Lesions. 

No Lesions. 

No Lesions. 

Both cardiac lobes - ventral 
surfaces. 

Left cardiac lobe - tip io%. 



45 



X005 - NB12 
132 



Right apical lobe - localized 
lesions in the border and ventral 
surface. 
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133 

134 
135 
136 
138 
139 

140 

1003 - J 
19 
20 
21 

25 
169 
170 



TABLE 2 



Right apical lobe and right 
cardiac lobe - patchy lesions on 
ventral surface. Left apical 
lobe and left cardiac lobe - 
patchy lesion on ventral surface. 

No Lesions. 

No Lesions. 

No Lesions. 

No Lesions. 

Right apical lobe - anterior edge 
- 100%. Right cardiac lobe - 
patchy lesions on ventral 
surface. 

Right apical lobe - patchy 
lesions on ventral surface. 



No Lesions. 
No Lesions. 

Right apical lobe - sparse 
lesions on anterior edge and 
external tip - 10%. 

No Lesions. 

No Lesions. 

No Lesions. 



1004 - 11 
6 
7 



No Lesions. 
No Lesions. 
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Table 2 

5 

8 No Lesions. 

9 Right apical lobe - on extreme 

edge* 

10 Left apical lobe • tip 10%. 

10 Right apical lobe - on edge. 

258 No Lesions. 

15 

337 No Lesions. 



wo 92/03157 



-27- 



PCr/US91/05858 



PPLO Complete Medium 

5 

I, Components 

PPLO broth w/o crystal violet (800 ml) 

16. 8g of Difco PPLO w/o crystal violet dissolved 
in deionized water to equal 800 ml. 
Mix with 500g of amberlite IRA 400 on a magnetic 
stirrer 2 hours at room temperature. 
Filter out amberlite with paper filter. 



10 



A. 
a. 

b. 

c. 



15 B. Thallous Acetate (2.5 ml) 

a. 0.25g of thallous acetate dissolved m total 
volume of 2.5 ml deionized water. 

C. Phenol Red (0.5 ml) . . ^ 
20 a. 0.02g phenol red dissolved in 0.5 ml deionized 

water. 

D. L-cysteine hydrochloride (1 ml) 

a. O.lg l-cysteine hydrochloride dissolved in 1.0 
25 ml deionized water (make on day of use) . 

E. Ampicillin (2.5 ml) 

a. 0.25g of ampicillin dissolved in 2.5 ml of 
deionized water (make on day of use) . 

30 

F. Glucose (50 ml) 

a. log of glucose dissolved in a total volume of 
50-ml deionized water. 

35 G. Yeast Extract (50 ml) . , ^ . i 

a. 25g yeast (Fleischman Co.) dissolved m 150-ml 
deionized water stirring rapidly on a magnetic 

stirrer. ^ ^ 

b. 0.81 ml ION NaOH slowly added to the yeast 

40 mixture. 

c. Autoclave at 15 psi for 15 mm. 

d. Store overnight at 4^C. 

e. Centrifuge 8000 rpm for 30 min. 

f . Pour off, collect and measure supernatant. 
45 g[ Add 2 ml of IN HCl/lOO ml supernatant. 

h. Centrifuge 10,000 rpm for 1 hour. 

i. Pour off and collect supernatant. 

j. Filter supernatant first through a 0.8 mxcron 
filter, then a 0.45 micron filter and finally a 
50 0.2 micron filter, 

k. Store at 4*C. 
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H. Gibco Porcine Serum (100 ml) 
a. Heat activate for 3D minutes at 56**C. 



II. Combination of Con^onents 

a. Combine components in amounts listed in 
pcirenthesis. 

10 b. Filter through first a 3.0 micron filter, then a 

0.45 micron filter and finally a 0.2 micron filter. 

c. Incubate at 37 •C overnight to check for purity. 

d. Store at 4»C. 

15 



Color Changing Units 

20 Materials and Equipment: 

HHp complete medium 
12 - 12x75 mm snap-cap plastic tubes 
pipette or Cornwall syringe 
25 culture 

Procedure: 

1) Add 1.8 ml of medium to all 12 tubes. 
30 2) Add 0.2 ml of cultiire to first tube and dilute 10-fold 
to tube 11. Discard 0.2 ml of culture from tube 11. 

3) Tube 12 has no culture, to serve as control. 

4) Snap tubes securely and incubate for 14 days at 37 «C. 

5) Check for color change to determine titer. On day 14, 
35 record the highest dilution of which the color has 

changed from red to yellow and calculate the CCU/ml as 
follows : 

CCU/ml = Highest color change dilution x 0.2 
40 2.0 



EXAMPLE 2 • 

45 Binary ethyleneimine (BEI) -inactivated and formalin- 
inactivated Mycoplasma hvooneumoniae bacterins were 
evaluated for their ability to protect pigs against a 
virulent challenge with M. hvopneumoniae - 
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The formalin inactivated bacterin gave significantly higher 
ELISA titers than the BEI-inactivated bacterin. Only the 
BEI-inactivated bacterin, however, provided significant 
protection from challenge. These results suggest that 
local secretory antibody and/or cellular mediated immunity 
play a more important role in the immune response to 
hyopneumoniae than circulating antibody. Upon evaluation 
of these results, the BEI-inactivated bacterin will be the 
choice for future studies. 

Pigs used in this study were from Ionia Pigs, Incorporated 
(Ionia, Iowa) • 

MvcoDlasma hvonneumoniae strain 1002, originally designated 
P-5723-3 (Dr. Charles Armstrong, Purdue University) , was 
successively passed in a medium as described above to 
passage X+7 using a 10% inoculum for each passage. Each 
passage was incubated at 37 for 72-80 hours swirling at 
75 rpm. 

At the end of the incubation of the X+7 passage culture the 
extent of growth and concentration of mycoplasma were 
evaluated visually by the color of the culture medium and 
phase contrast microscopy, respectively. A sample was 
taken to determine the nimber of organisms present using 
the quantitation method of color changing units (CCU) . 

Inaetivation - Formalin: Formalin was added to 400 ml of 
an X+7 cultxire to a final concentration of 0.2%. The cell 
suspension was swirled at 75 rpm for 24 hours at 37<»C. 

Inaetivation - Binary Ethyleneimine (BEI) : To 400 ml of an 

X+7 culture, 40 ml of 2% (w/v) sodiixm bicarbonate was added 
to raise the pH to 7.5. A 0.33 gram amount of 2- 
bromoethylamine hydrobromide in 10 ml deionized water was 
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sterilized through a 0,2 ^m filter and added to the 
culttire. The cultiire was swirled, is situ, (75 rpm) at 
37 »C for 24 hours. Ten ml deionized water containing 0.5 
g sodium thiosulf ate was filter sterilized and added to the 
5 inactivated culture to neutralize the BEI. The neutralized 
culture was swirled (75 rpm) at 37**c for 24 hours. 

To prepare the bacterins, cells of each inactivated cultiire 
were pelleted at 15,000 x g for 40 minutes at 4«C then 

10 resuspended in approximately 50 ml PBS and washed in this 
manner 3 times. The final pellet was resuspended in 
approximately 50 ml PBS. The resuspended cells were mixed 
with Carbopol so that the final preparation would contain 
Carbopol at a concentration of 0.2% (w/v) and a 2-ml dose 

15 would deliver 5x10^° CCU. The vaccines also contained 
0.005% (w/v) thimerosal as a preservative. 

Piglets approximately one and three weeks of age were 
vaccinated Intramuscularly in the neclc region with a 2-ml 
20 dose of the appropriate bacterin. One group of pigs was 
not vaccinated and served as challenge controls. 

M. hvopneumoniae isolate 1002 X passage was passed to the 
X+2 level in the medium previously described using a 10% 

25 inoculum. The culture was swirled at 75 rpm for 80 hours 
at 37«C. At the end of the incubation of the X+2 passage, 
the extent of growth and concentration of Mycoplasma were 
evaluated in the same manner as the mycoplasma 
concentration for the vaccine. On the same day that 

30 animals received the primary vaccination, several one-week- 
old pigs were inoculated with 2-ml of the above challenge 
culture. The inoculum was injected through a 3-1/2 French 
Tom Cat Catheter inserted through a 15-gauge needle into 
the trachea. The infection was allowed to proceed for 

35 three weeks. 
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The challenge culture for the test pigs was prepeired as 
described above. However, the X+2 passage culture was used 
for challenge after 72, 96 and 120 hours of growth. At 
four weeks of age (1 week following the second vaccination) 
non-vaccinates and vaccinates were sedated with 1-2 ml of 
PromAceVetalar (1:10) solution. After sedation, a 3 -ml 
dose of the challenge culture was given intranasally (1.5 
ml per nostril) via a syringe connected to a short rubber 
tube which was inserted in the nostril. This procedure was 
repeated on the following two days using the scime culture. 
A sample of the 72-hour culture was quantitated for viable 
Mycoplasma present as determined by CCU. The titer was 
between 5x10® and 5x10^ CCU/ml. At the time of challenge, 
three to four seeder pigs (infected 3 weeks earlier) were 
co-mingled with each test group as a natural meems of 
challenge. 

Blood S2unples were taken from all piglets on the day of the 
first vaccination (PV) , the day of the second vaccination 
(VI), the first day of challenge (V2), one week post- 
challenge (PCHl) , and three weeks post-challenge (PCH2) • 
The serum from each blood sample was heat inactivated at 
56^C for 30 minutes and stored at -20^C. The sera were 
tested for M. hyopneumoniae antibody by ELISA assay. 

Twenty-one days after the initial challenge, the animals 
were euthanized by injection of 2-5 ml of the Euthanasia 
solution directly into the anterior vena cava. The chest 
cavity was immediately opened and the lungs removed intact. 
The lungs were photographed and gross lesions scored as 
follows. Ten points are allocated to each apical and 
cardiac lobe, five points to the intermediate lobe and 
five points to each leading edge of the diaphragmatic 
lobes, thus, if all these areas were totally consolidated 
(which would be an unusually severe case) , the lesion score 
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would be 55. The actual score obtained is then expressed 
as a percentage of this maximum score. This is defined as 
the % lesion score. Diagrams were used for recording 
lesion scores. 

5 

Percent lesion scores were statistically analyzed by a two- 
tailed Student's T-test in order to identify significant 
differences between treatment groups. 

10 The ELISA results are presented in Figure 1. At one week 
of age, prior to any vaccination (PV) , all groups had anti- 
H. ^lyopneumoniae circulating antibodies. These titers 
decreased at three weeks of age, prior to revaccination 
(VI) . At 4 weeks of age, prior to challenge {V2) , the 

15 animals vaccinated with either the formalin- or the BEI- 
inactivated bacterins had higher titers than the non- 
vaccinated animals. However, the formalin-inactivated 
bacterin had elicited dramatically higher titers than the 
BEX-inactivated bacterin. 

20 

The lesion score results are presented in Table 3. The 
BEI-inactivated bacterin reduced the mean percent lesion 
score by approximately 60%. This reduction is highly 
statistically significant (p<0.01). 

25 

There appeared to be no correlation between the serological 
response and the percent lesion scores. Whereas the 
formalin inactivated bacterin elicited the highest 
circulating antibody titers, only the BEI-inactivated 
30 bacterin protected the pigs from challenge. 

These results suggest that circulating antibodies do not 
play a major role in immunoprotection against infection by 
Mvcoplasma hvopneumoniae . Local secretory antibody and/or 
• 35 cell-mediated immunity are probably far more important. 
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-33- 

The BEI-inactivated bacterin appears to properly invoke 
these arms of the isanune system. 



TABLE 3 



Percent Lesion Scores of Vaccinated Pigs 
Challenged With hvopneumoniae Strain 1002 



Bacterin Percent L esion Score X + s,d. 
Formalin-inactivated 26.4 + 19.2* 

BEI-inactivated 11.6 + 6.9^ 

20 Non-vaccinated 30.4 + 13.7 

a. Not significantly different from non-vaccinated 
{p>0.5) by two-tailed T-test 

25 

b. Significantly different from non- vaccinated 
(p<0.01) by two-tailed T-test. 



30 
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EXMIPLE 3 

5 The Mycoplasma hvopneumonlae bacterln was evaluated in a 
dura-tion of immiini'ty s-tudy. The bacrterin was adminisiiered 
to pigs at l and 3 weeks of age. Non-vaccinated litter 
mates served as controls, A portion of the vaccinates and 
controls were challenged with virulent H. hyopneumoniae at 

10 1 month of age, A second portion of vaccinates and 
controls were challenged at 2 months of age. The remaining 
animals were challenged at 4 months of age. Significant 
(p<0.05) protection from challenge was seen in vaccinates 
at 1, 2 and 4 months of age. These results indicate that 

15 vaccination at 1 and 3 weeks of age confers long lasting 
protection to pigs. 

The bacterin used in this study contained 9.0 log^^Q 
Mycoplasma hyopnetaaoniae DNA cell equivalents (MHDCE) per 
20 milliliter. 

Seventy six one-week-old pigs were distributed into 2 
treatment groups. Litter mates were distributed between 
the treatment groups. Sixty of these animals (30 per 

25 treatment group) were from Ionia Feeder Pigs, Inc. , Ionia, 
Iowa. Sixteen of the animals (8 per treatment group) were 
from the SPF swine operation at Solvay Animal Health, Inc. , 
Charles City, Iowa. The first treatment group of pigs was 
vaccinated by intramuscular injection in the neck muscle 

30 behind the right ear at 1 week of age. The injections were 
repeated in the left side of the neck two weeks later. The 
second treatment group of animals was not vaccinated. 

The Ionia pigs were weaned at 3 weeks of age and moved to 
35 aai isolation room. The SPF pigs remained with the SPF herd 
until challenged. 
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The challenge material was produced and adxainistered as 
previously described. At 1 month of age, 10 Ionia 
vaccinates, and 10 Ionia controls, along with 2 SPF 
vaccinates and 2 SPF controls were moved to an isolation 
room and challenged. At 2 months of age, eight of the 
Ionia vaccinates and eight controls, along with one SPF 
vaccinate and three SPF controls were moved to an isolation 
room and challenged. At 4 months of age, 8 of the Ionia 
vaccinates and 8 controls, along with 5 SPF vaccinates cind 
3 SPF controls were moved to an isolation room and 
challenged* 

Three weeks after challenge, all pigs were euthanized and 
the percent lung lesion scores determined as previously 
described. Animals dying during the course of the study 
were not included in the analysis. A total of 8 non- 
vaccinates and 6 vaccinates died during the course of the 
study. These animals were generally poor performers or had 
severe intestinitis , pleuritis or pericarditis. Animals at 
necropsy with gross lung lesions of non-M. hvopneumoniae 
origin > i.e. surface fibrin, thoracic adhesions or 
hemorrhagic abscesses were not included in the analysis. 
A total of 1 non-vaccinated and 3 vaccinates exhibited such 
lesions. 

Percent lung lesion scores were subjected to statistical 
analysis by a one-tailed Student T-test. 

The lesion score results and the statistical analysis are 
presented in Table 4. There was an apparently age-related 
resistance to ML. t^yopneumoniae challenge that developed in 
all pigs, including non-vaccinates. The average percent 
lesion scores in both vaccinates and non-vaccinates 
decreased with the age of the animals at the time of 
challenge. It is not clear whether this increased 
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resistance to challenge is an iimaunological or 
physiological phenomenon. 

There was significant (p<0.05) protection afforded the 
5 vaccinates even at 4 months of age. The actual percent 

protection calculated as described previously decreased 
with the age of the animals. However, the €3 percent 
protection seen at 4 months of age still represents a 
substantial reduction in lesions. 

10 

The results of this test demonstrate that the M. 
hyopneumoniae bacterin is capable of inducing long lasting 
protection in pigs. Pigs vaccinated at 1 and 3 weeks of 
age are significantly protected even out to 4 months of 
15 age. The average market hog lives about 5 - 5.5 months. 

Vaccination with the ^ hvooneumoniae bacterin should 
therefore provide protection during the crucial growing 
period. IjU. hyopneumoniae infections occurring after 4 
months of age should not significantly impact performemce. 
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PERCENT LESION SCORES 



ACT AT ffHAT.T.TgNGE fMONTHS^ 
1 2 _3 







CTL 


VAC 


CTL 

• 


VAC 


CTL 


1 


17.3 


85.5 


17.3 


71.8 


0.0 


0.0 


2 


27.3 


76.4 


50.0 


42.7 


0.0 


20.0 


3 


28.2 


35.5 


0.9 


20.9 


5.5 


6.4 


4 


4.6 


26.4 


3.6 


15.5 


0.0 


2.7 


5 


48.2 


43.6 


7.3 


37.3 


1.8 


0.0 


6 


9.1 


69.1 


0.0 


42.7 


8.2 


3.6 


7 


5.5 


92.7 


5.5 


4.5 


1.8 


21.8 


8 






12.7 


12.7 


11.8 


9.1 


9 






7.3 


46.4 


3.6 


2.7 


10 








33.6 


0.0 




11 








36.4 


0.0 




12 










1.8 




13 










0.9 




AVG 


20.0 


61.3 


11.6 


33.1 


2.7 


7.4 


STO 


14.6 


24.1 


14.5 


18.0 


3.5 


7.7 


% PRO- 












TECT 




67.3% 




64.9% 




63.0% 



STATtSTICAT. ANAI.YSIS (VAC VS. CTL. T~TEST. 1-TAILED> 



AGE AT CHALLENGE 
fMONTHS^ 
1 
2 
4 



df 



12.0 
18.0 
20.0 



3.59 
2.74 
1.81 



0.0037 * 
0.0135 * 
0.0427 * 



* SIGNIFICANT (p<0.05) 
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EXMIPLB 4 

In this example. Mycoplasma hyopneumoniae bacterins containing 
7.0, 8.0, 9.0, 9.25 and 10.0 log^^Q hyopneumoniae DNA cell 
5 equivalents (HHDCE) per milliliter were evaluated in a minimum 
protective dose (MPD) study. Xhe bacterins were administered 
as 2 milliliter intramuscular injections to pigs at 1 and 3 
weeks of age. Significant (p<0.05) protection from challenge 
was elicited by bacterins containing ^ 9.0 log^Q MHDCE per 
10 milliliter. 

The animals used in this study were from Ionia Feeder Pigs, 
Ionia, Iowa. One hundred and twenty eight one-week-old pigs 
were placed in eight treatment groups of 16 pigs each. Litter 

15 mates were distributed eu&ong treatment groups. The pigs were 
ear tagged for identification. Three groups were not 
vaccinated. Each of the other five groups received one of the 
five bacterins. The vaccines were administered as 2 
milliliter intramuscular (IN) injections in the neck muscle 

20 behind the right ear. The injection were repeated in the left 
side of the neck two weeks later. 

The pigs were weaned at 3 weeks of age and moved to Solvay 
Animal Health, Inc. research facilities. The vaccinated pigs 
25 and two of the non-vaccinated groups of pigs were housed in 
two isolation rooms at Solvay. One of each of the 
nonvaccinate groups was placed in each of the two rooms. The 
third non-vaccinated group was housed separately to avoid 
exposure to extraneous hvonneumoniae challenge, 

30 

At four weeks of age, the vaccinates and two nonvaccinate 
groups (NV/CH) of animals were challenged with virulent M. 
hvopneumoniae > The third non-vaccinated group (NV/HC) which 
had been housed separately remained unchallenged. 



35 
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Serua samples were obtained from each pig In the test at 1, 3, 
4 and 7 weeks of age. Antibodies to hyopneumoniae were 
guantitated by ELISA as described in Example 2. 

Three weeks after challenge, all pigs were euthanized and the 
percent lung lesion scores determined. Animals with gross 
lung lesions of non-JL. hyopneumoniae origin, i.e. surface 
fibrin, thoracic adhesion or hemorrhagic abscesses were not 
included in the analysis. Animals dying during the course of 
the study were not Included in the analysis. 
Percent lung lesion scores were subjected to statistical 
analysis by a one-tailed student T-test. The test revealed 
that the two non-vaccinated, challenged control groups were 
not significantly different from one another. The two groups 
were therefore combined prior to T-test analysis of the other 
treatment groups. 

The ELISA results are presented in Table 5. At one week of 
age, the animals had measurable hvopneumoniae antibodies. 
fOiole cell IL. hvopneumoniae antigen is used in the ELISA. 
Therefore, it is difficult to eliminate the possibility that 
some of these maternally derived antibodies are directed 
against Mycoplasma f locullare . H^. hvopneumoniae and Jl. 
f locullare share some antigens. Neveirtheless, these maternal 
antibodies appear to rapidly disappear and by 3 weeks of age 
are uniformly low. 

Those animals vaccinated with bacterins containing ^9.0 log^^Q 
HHDCE per milliliter seroconverted following the second 
vaccination at 3 weeks of age. An unexpected result was the 
increased titer in the non-vaccinated, non-challenged control 
group at 4 weeks of age prior to any challenge. The increase 
was, however, much less dramatic than in the vaccinated 
groups. 
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These results suggest that bacterins containing ^ 9.0 log^^Q 
MHDCE per milliliter effectively elicit Mj. hyopneumoniae 
circulating antibody titers. 

5 The lesion score results and statistical analysis are 
presented in Table 6« In order to calculate the percent 
protection, the average percent lesion score of the non-* 
vaccinated, non-challenged group was subtracted from the 
average percent lesion score of the other treatment groups. 
10 The resulting adjusted averages were then placed in the 
following formula: 

[Avg % Lesion Avg % Lesion 

Percent = Score of - Score of 

15 Protection NV/CH Group Test Group] 



20 



Avg % Lesxon 
Score of 
NV/CH Group 



It is clear that the percent protection elicited by 
vaccination increased as the dose increased. The T-test 
cuialysis revealed that significant (p < 0.05} protection was 
achieved with bacterins containing ^ 9.0 log^o MHDCE per 
25 milliliter. 

The treatment group receiving bacterin containing 7.0 log^^Q 
MHDCE per milliliter had an average percent lesion score 
higher than the nonvaccinated, challenged control group, 
30 suggesting that suboptimal doses may enhance lesion 
development following challenge. 

These results support the conclusion that the minimum 
protective dose is about 2 X 10^ MHDCE (2 milliliters of 
35 bacterin containing 9.0 log^o MHDCE per milliliter). 
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TABLE 5 



ELISA READING AVERAGES 



TREATMENT 



AGE AT BLEEDING 





J. 


3 


4 


7 


NV/NC 


0.158 


ND* 


0.090 


0.086 


NV/CH 


0.233 


0.112 


0.155 


0.141 


10^7 


0.239 


0.097 


0.072 


0.162 


10^8 


0.270 


0.096 


0.080 


0.199 


10-^9 


0.245 


0.106 


0.290 


0.223 


2.5x10-^9 


0.204 


0.078 


0.343 


0.384 


lO'^lO 


0.266 


0.069 


0.429 


0.296 



* NO SERUM SAMPLES AVAILABLE 
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TABLE 6 

5 

PERCENT LESIONS SCORES 





NV/ 
PC 


NV/ 
CH* 


10'^7 


10-^8 


10^9 


2.5x 


10-10 


10 
















1 


0.0 


11.8 


6.4 


10.0 


0.0 


* 3.6 


0.0 


2 


0.9 


9.1 


18.1 


9.1 


5,5 


6.4 


2.7 


3 


0.0 


10.9 


19.1 


7.2 


10.0 


32.7 


0.9 


4 


0.0 


16.4 


10.0 


4.5 


0.9 


2.7 


0.9 


155 


11.8 


2.7 


2.7 


0.9 


14.5 


6.4 


7.2 


6 


0.0 


0.9 


6.4 


24.7 


3.6 


1.8 


0.0 


7 


3.6 


0.0 


71.8 


18.2 


13.6 


0.0 


5.5 


8 


0.0 


16.4 


0.0 


10.0 


37.3 


2.7 


7.3 


9 


0.0 


18.2 


5.5 


5.5 


17.3 


6.4 


8.2 


2010 


0.0 


39.1 


75.5 


17.3 


23.6 


12.7 


8.2 


11 


0.0 


34.5 


15.5 


13.6 


5.5 


19.1 


29.1 


12 


1.8 


60.9 


31.8 


22.7 


1.8 


27.3 


2.7 


13 




26.4 


61.8 


68.2 


4.5 


0.0 


23.6 


14 




43.6 




14.5 


12.7 


8.2 


13.6 


2515 




47.3 




15.5 


25.5 


19.1 


11.8 


16 




10.9 






10.9 






17 




10.9 












18 




7.3 












19 




37.3 












3020 




12-7 












21 




51.8 












22 




9.1 












23 




12.7 












24 




30.9 












3525 




9.1 












26 




7.3 












27 




10.9 












28 




4.5 












AVG 


1.5 


19.8 


25.0 


16.1 


11.7 


9.9 


8.1 


40STD 


3.3 


16.4 


25.9 


15.3 


9.9 


9.8 


8.3 


%PRO- 
















TECT 


100.0% 


0.0% 


0.0% 


20.2% 


44.3% 


54.1% 


63.9% 



45* NV/CH ANIMALS 1-13 WERE IN ONE CHALLENGE ROOM^ ANIMALS 14-28 
WERE IN ANOTHER ROOM 
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TABLE 6 



STATISTICAL ANALYSIS (T-test, 1 TAILED) ) 



10 



15 



NV/CH 







df 


t 


R 


vs 


NV/CH 


38 


3.73 


0.0003* 


n 


10^7 


39 


-□•76 


NEG 


ft 




41 


0.69 


0.2471 


n 


10^9 


42 


1.75 


0.0437* 


n 


2.5X 












41 


2.08 


0.0219* 


n 


IC^IO 


41 


2.52 


0.0079* 



* SIGNIFICANTLY DIFFERENT FROM THE NV/CH GROUP (P<0.05) 
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BXMiPLB 5 

A f luorometxic assay for measuring Mycoplasma hvopneumonlae 
using the DNA binding dye Hoechst 33258 is described. The 
5 assay involves centrifugation of an H^. hvooneumoniae 
culture to concentrate the cells, lysis of the cells in a 
detergent buffer and assay of the lysate. A 
minifluorometer (TKO-lOO, Hoefer Scientific) is used and a 
standard curve is established using purified DNA 
10 qu2uititated spectrophotometrically. Growth of an M« 
hyopneumoniae culture is monitored using the assay and the 
results compared with the traditional color changing unit 
(CCU) assay method. 

15 One problem associated with Mycoplasma hynp ng>\i^T noniae 
reseaorch is the difficulty of monitoring the growth of the 
organism. Because plating efficiency varies greatly at 
different stages of growth and because colonies are small 
and extremely slow growing, colony forming unit (CFU) 

20 assays are not practical. Traditionally M. hvopneumoniae 
cells have been enumerated by a color changing unit (CCD) 
assay. This assay involves laaking several dilutions of a 
culture into tubes of fresh media. The dilutions are then 
incubated for 14 days at 27 ^C. Tubes containing Mycoplasma 

25 hvopneimoniae eadxibit an acidic pH shift. The titer of the 
original cultxire is es^ressed in terms of the highest 
dilution exhibiting growth. Because of the high 
experimental error of the CCU method, and the large number 
of replicate tubes required for the assay, a faster and 

30 more accurate test was needed. 

Hoechst 33258 dye and the TKO 100 DNA minif lourometer were 
purchased from Hoefer Scientific Products. Herring sperm 
DNA was from Sigma Chemical Co. All other chemicals were 
35 reagent grade from Sigma Chemical Co. 
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M> hYOPnettmonlae isolate 1002 was grown in 200 ml cultures 
in shake flasks as described above in Example 1. Six 
flasks were inoculated and incubated in parallel. Samples 
were removed from each culture at 24 hour intervals to 
measure the pH and perform ecu and DNA assays. The pH 
values of each of the six cultures were averaged for each 
time point. 

Color changing assays were performed as described above in 
Example 1. The CCU results from the six cultures were 
averaged for each time point. 

For the DNA assay, four 1.5 ml aliguots of each culture 
were collected in microfuge tubes and oentrifuged at 12,000 
X g for 10 minutes. The supernatants were completely 
drained off and the pellets resuspended in 120 ttl of 10 mM 
Tris (pH 7.4) 150mH, NaCl, ImM EDTA and 1% (w/v) sodium 
dodecyl sulfate (TNES) - The resuspended pellets were 
vigorously vortexed for 10 seconds* Ten microliters of the 
resuspension was mixed in a glass cuvette with 2 ml of 
0.04% (w/v) Hoechst dye in lOmM Tris (pH 7.4), 150mM, NaCl 
and ImM EDTA. The cuvette was placed in a TKO 100 DNA mini 
fluorometer which had previously been calibrated using 
Herring Sperm DNA standards diluted in TNES. Readings 
obtained or each of the four aliguots of each sampler were 
averaged and the results of the six cultures were also 
averaged. 

The dynamic linear response range of the assay was 
approximately 20-2000 ng DNA per lOul test sample. This 
converted to an effective range of 0.16-l6ug DNA per 
milliliter of culture. The genome of hyopneumoniae is 
approximately 5 x 10^ daltons (S. Razin, The Mycoplasmas. 
Microbiol. Rev. 42:414-470 (1978)). This corresponds to 8 
X lO'^^ug DNA per cell. The lower limit of the 
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fluorometric assay is therefore (0.16ug DNA per milliXiter 
of culture) ^ (8 k lO^^^ug DNA per cell) « 2 x 10® cells 
per milliliter of culture. The upper liiait is 100 times 
this value or 2 x lO^^ cells per milliliter. 

5 

This assay is an indirect measure of cell concentration, 
therefore the results are expressed as ^ hvooneumoniae DNA 
cell equivalents or IIHDCE per milliliter. 

10 During the log phase of growth (24-72 hours) there is a 
good correlation between the MHDCE and CCD readings. The 
HHDCE are 4-5 times higher than the CCD values. It is 
generally felt that the CCD assay underestimates Mycoplasma 
concentrations. The DNA assay may therefore more 

15 accurately reflect the true number of hvopneumoniae 
cells. The CCD assay is inherently prone to experimental 
error. Leirge numbers of replicate tubes and a finer 
dilution series (twofold or fourfold) are required to 
improve the accuracy of the CCD assay. The DNA assay is 

20 less prone to esqperimental error. There is some error in 
the DNA assay due to the various sample manipulations and 
small volume measurements involved. However, this error 
is related to the skills of the operator performing the 
test. Most operators perform the DNA assay very well after 

25 a limited amount of training and experience ^ 

The DNA assay measures all DNA whether in living or dead 
cells or free in solution. The CCD assay on the other hand 
measures only living cells. This explains why the MHDCE in 
30 a culture at 0 hours is slightly higher than at 24 hours. 

A substantial portion of the DNA measured at 0 hours is 
probably in dead and dying cells or cells that as a result 
of the serial transfer do not survive. 

35 In stationary phase cultures (>72 hours) the CCD assay 
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clearly reveals a loss of visa>le cells, ^yop*^^^™^^® 
is sensitive to acidic conditions and this death loss is 
probably pH related. The DNA assay is slower to respond 
presumably because the dead and dying cells still have DNA 
5 which is detected. 

The ecu assay for quantitating IL. hvopneumoniae suffers 
from several drawbacks. First, it probably underestimates 
the number of mycoplasma cells. Second, it is prone to 
10 experimental error. Large numbers of replicate tubes, 
expensive medium, and labor are required to reduce this 
error. Third, the assay requires at least 14 days to 
complete. 

15 The DNA assay overcomes all of these problems. Mycoplasma 
cell estimates are higher than CCU estimates by 4-5 times 
and more accurately reflect the true cell count. When the 
proper equipment and training is provided the DNA assay is 
less prone to experimental error than the CCU assay. 

20 Finally, the DNA assay requires 15-30 minutes (more time is 
required if several samples are to be analyzed) • This 
makes the DNA assay appropriate for real time monitoring of 
mycoplasma cultures. It should be remembered that the DNA 
assay measures all cells regardless of whether they are 

25 living or dead and regardless of their metabolic state. 

The assay is therefore most informative during the log 
phase of the mycoplasma growth curve. 
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What is claimed is: 

1. A bacterin comprising a virulent Mycoplasma 
hyopneumoniae isolate, inactivated with binary 

5 ethyleneimine, in an amount effective to immunize a 

swine against infection by Mycoplasma hvopneumoniae 
and a suitable physiologically acceptable carrier. 

2. A bacterin of claim 1, wherein the virulent Mycoplasma 
10 hvopneumoniae isolate comprises the isolate designated 

1002 (ATCC Accession No. 55088) . 

3. A bacterin of claim 1, wherein the effective 
immunizing amount of Mycoplasma hvpopneumoniae is at 

15 least 2 x 10^ Mycoplasma h ypopneumoniae DMA cell 

equivalents • 

4. A bacterin of claim 1 further comprising an effective 
amount of an adjuvant. 

20 

5. A bacterin of claim 4, wherein the adjuvant comprises 
a polymer of acrylic acid. 

6. A bacterin of claim 5, wherein the effective amount of 
25 adjuvant comprises about 0.2% (w/v) of the bacterin. 

7. A method of producing a bacterin comprising: 

(a) growing a virulent isolate of Mvcoplasma 
hyopnemnoniae in culture on a suit£Ubile medium; 



30 



(b) treating the virulent Mycoplasma hvopneumoniae 
so grown with binary ethyleneimine so as to 
inactivate the Mycoplasma hyopneumoniae . 



35 



(c) concentrating the resulting, inactivated 
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MycoDlasina hvopneuinoniae ; 



(d) 



recovering the resulting concentrated, 
inactivated Mycoplasma hvpopneumoniae : and 



(e) 



admixing 



the 



concentrated , 



inactivated 



10 

8. 



15 9. 



10. 

20 



25 



30 

11. 

35 



MYCoplasina hyopneumoniae so recovered with a 
suitable physiologically acceptable carrier so 
as to formulate the bacterin. 

A method of claim 7, wherein in step (a) the virulent 
isolate comprises the isolate designated 1002 (ATCC 
Accession No. 55088) • 

A method of claim 7, wherein in step (a) the 
Mvcoplasma hvopneumoni ae isolate is grown from about 
48 hours to about 144 hours. 

A method of claim 7, wherein in step (b) the treatment 
comprises: 

(i) contacting the Mycoplasma hygpn^ympni^e culture 
with binary ethyleneimine at a concentration of 
about 4mM; 

(ii) incubating the culture under conditions 
effective to inactivate the Mycoplasma 
hypopneumoniae ; and 

(iii) neutralizing the binary ethyleneimine in the 
culture by adding sodium thiosulfate at an 
effective neutralizing concentration. 

A method of claim 10, wherein in step (ii) the 
effective conditions comprise incubation for at least 
about 12 hoiirs. 
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A method of claim lO, wherein in step (iii) the 
effective neutralizing concentration of sodium 
thiosulfate is about 16mM. 

A method of claim 10, wherein in step (i) the binary 
ethyleneimine ^ich contacts the Mycoplasma 
hYpopneumoni^e is formed in situ by adding 
bromoethylamine hydrobromide to the culture* 

A method of claim 1 , wherein in step (e) the admixing 
fxirther comprises admixing an effective concentration 
of EDTA and an effective concentration of thimerosol, 

A method of claim 14, wherein the effective 
concentration of EDTA is at least about 0.07% (w/v) of 
the bacterin. 

A method of claim 14, wherein the effective 
concentration of thimerosal is about 0.01% (w/v) of 
the bacterin. 

A method of inactivating a virulent strain of 
yycQpl^^^ hvopneumoniaA which comprises 

(a) contacting a cultture of Mycoplasma hvooneumoniae 
with bineu7 ethyleneimine at a concentration of 
about 4 mM; 

(b) incubating the culture under conditions 
effective to inactivate the Mycoplasma 
h ypopnei imnni aia ■ and 

(c) neutralizing the binary ethyleneimine in the 
culture by the adding sodium at an effective 
neutralizing concentration. 
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IS, A method of claim 17, wherein in step (b) the 
effective conditions comprise incubation for at least 
about 12 hours* 

19. A method of claim 17, wherein in step (c) the 
effective neutralizing concentration of sodium 
thiosulfate is about 16mM. 

20* A method of immunizing a swine against infection by 
Mycoplasma hyopneumoniae comprising administering to 
the swine at least one dose of the bacterin of claim 
1 so as to immunize the swine against Mycoplasma 
hvpopnemnon i a e infection. 

21. A method of claim 20, wherein the bacterin is 
administered intramusculeucly. 

22. A method of claim 20, wherein the dose comprises about 
2ml of the bacterin containing about 10^ Mycoplasma 
hvopneumoniae DNA cell equivalents per milliliter. 

23. A method of claim 20, wherein the bacterin is 
administered twice to the swine; once at about one 
week and at about three weeks after the birth of the 
swine. 

24 The virulent Mycoplasma hypopneumoniae isolate 
designated 1002 (ATCC Accession No. 55088) inactivated 
with binary ethyleneimine. 



wo 92/03157 



1/2 



PCr/US91/05858 



FIGORE 1 



100 




SUBSTITUTE SHEET 



wo 92/03157 



PCr/US91/0S858 



V2 
FIGDRE 2 



KBM SEsem EUES& Tirras 




NCMVAC 



HHP-3-8B 



SXIO'^IO 1X10*10 laClO^ 1X10*8 



BACIEBIN GONCBICRATICSIS 



VI 



SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT 

HO. - PCT/US91/05858 



I. ebAtliriCATfOMOPSUBJier MATTIII hi Mml dfificati^i tymtoli ippiy. indicaw rti> 



U.SXl.: 424/88,89.93 



11. FItLOS 9EAIICHED 



Mimmum DMvfiMuitMm iMfChM ' 



Cli<iifiC«tMAftyi|am 



424/88,89,93 



to Ih* Ittairt MH vm DoaifMiitt in InduM *» FWdt gtnOiti* 



III. DOCUMtNTl CONSIDiRID TOHMUyANTt 



CAttoenr* 



Y 



CHiiion ol DocuinOTt, " wnh iAdictllBit. whwi »ppwpram. of tht f•^•mt WMgt *i 



16 



Januarv 1^89. 



(PF.T.Ff? «r. a1 .) 03 



US, A, 3,^17,819 {VOSHTOK^ fit 0^ 
Nnv^mbfir 1975, «int.1rii document » 

JOURIVAT. OF CT.TNTCAT. MTrRORTnLOOV, 
Vo1iiin« 3, issued February 1^76, HanM 
RahTiHwiann/ "Tnact lvat.<oTi nf Virwflftfl In 
Sftrum w-fth Binary Kt,hyl enftf mi nc, ••pp 
P,10, HBP. Hvtirfi clonum^rtt . 



f)f ItHM 10 CUim No. " 



I - I r 



1-1 fi 



• SpMiOl ^iHonoo el dtotf documanto: « 

-A" docuiiMiit rtinpiAO Iho MAOr*! lUito of tlio irt «Mcn it aoI 

COflBttfwarf to bo •! pantculir rtlovtflco 
-r* otflior dofumtAt but pubii«h«« »n or oHor th* intamBtiOftOi 

Aunp i«to 

-L- dOCVffltmt wWeft miy t»»fO* doiiMt on "^ITifLS 
mhtih k% Wf 0 It Wttbllih thO PMOllUtlORjJll •» wthor 

cHAtion or othar tpteiil rMton {■■ ppooApdl 
•0" d««orw»t rafomno to tn oral d»f dpourt. y««. wWb*on O' 
oilko, moani 

"f" dotumom puMlhOd prior to llio intomMiOful IHiAp tfiiP M 
latPf thpn tiw pnoritf dilO cltimod 



Sidio^uniOfWtftd ina prtnopia or thaonr yApaflymg ina 
lAwantiOii 

-y^ iftAetiiMiii 6l MrtiKular Mlwanct; Vm daimad itivtmion 



Smmi, Buen eomiMMlloii WtOO 06«wf lo a piraon awiad 
miiHiod. 

-4- OMuiiiwit mtmbBf o« tha BOmo paiBrtI «amiljf 



tv. cntTtncATidM 



Otit 9t Vm ACtnol CemplfilBii of th« IntBtoAtltflol 

29 October 1991 



Datt of MbJUap of IMA lAMrMMloMl Sf aron fItpoR 




niHTMIH INFOMATION COIItlllUiB PHOm THI ilCONO SNilT 



V.P OMlliV»TtOK» WHIM CUtTAtti ClAtWWm fOUM UHgmWCMMH.! • 



Thif bMifMliom Mircli n^ert hM net tetn MftUtM Hi ftmd oi ctiWii cWmt imtftr AH^elt 1791 (al tor tkt foOovving 
1.0 CUifii AttnMt . btcaiiM liwy tM9 to aublKt m«it«r» fli«l m^um u Am MarebMI ^ ttut Attthomr, Mmatyi 



2.n Clilm nymbcfi bmuM ilwy r»l«it to 0aHi oT liw intemtttwMi tpplMtian Uiti da not Moidiy wfih |ht pmtcrtM 

mtntt to wch wi •inm ttwt oa mtanlnoiuf inttrntiioMl iMreli em b« cifritd *iit >^ rndfietlfr: 



3,n Ckdmnuitai. 



PCTRiilteJlW. 



VlQI OMiUVHTIOtf WMIHK UMtTV OF tliVtimOW » tAgKiNgi 



TM« inttrnauoml SMr«Mii0 AuUiortty tawMl miiHifIt btvfnNan* ki thif im«m«lom «mliG«ihm foiiMs 



See attached sheet* 



of tht InStrntUOfiaS 



in A«aniyMiM«fth«vwMaMil»M«ltMfchffM«Mra«im«i»MU»y 

ciatmi pf Iht iRlfrnaiMMl mueaitoii tor vrhicli Im pM. tPVcMMily tMimt 



a.Q No fMuM aMilieiifti ■MKli IMS ttimlr paM amUcmI. Coflnqumlllp. Ihta 
th* invfiilicm ftnl inwitlOMtf Ifl th« ciaiint: U It ce»M«d 



tattmatlofiat tMfcli rtpori li fffiirietttf lo 



I'-IS (telephone practice) 

4.n A« «H M»ciubi«cMiM comtf b# Mtrthtd irfilieifi dlldft luMifyiiif tii «Mtti«n«t tot. Hw 
*^ invito MvmMi Mif aMtttnti fltt. 

ftofntft on l*f«tott 

g Tht tddHiontt MtfCh to— w iCMtto ti ti »r w pHt tn rt pwtort, 

Q Ha pmltBt ttctmptnitd tht »t»nitm ti t ddH ltt i tl wmwnh tot*. 



imtmtltoMl Stwemnff Authtf nr tid not 



PCT/US91/05858 

Attachment to form PCT/ISA/210 
Continuation JLn. part rv» 
Observations Where Unity of 
Invention la Lacking 



Group It claims 1-16, drawn no a baoterin. 

Group II, oleine 17-19, drawn to a method of inactivating a 
microorg^nieM. 

Group TTT, claims ao-aa, drawn to a «el:hod of iwwiinijting 
KVine* 

Group TV, Olatw a4, drawn to a strain of Mynonlanwa 
hYPPnfwmqffia^. 

Group T, olalmn 1-16 is drawn to a haotftHn. Group TT, 
clalns 17-19, drawn to a wohhod of inaotivating a mioroorganiflin. 
Group Til, claims 80-23, 1« drawn to a mnthod of immtmi sting 
awlne. Group III, claim 24, In drawn to a strain of My^opl awma . 
hvooneurooniae. 

Group II is distinct from Group I because the use of binary 
ethyl ei»i«e to deactivate a pathogen could be used on 
microorganisms other than the pathogen of the Invention of Group 
I. 

Group III Is distinct from Group I in that the method of 
inoculating swine could be u«ed with a different pathogen not 
just that of the Invention of Group I. 

Group IV ie dlatlnct in that the microorganism nould he used 
for inventions other than the bacteria of Group T. 



